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A comparison of the anomalous magnetic moments of the electron and positron has been performed using the resonance depo- 
lanzaUon method for the VEPP-2M storage rang beams. It has been shown that the difference between the anomalous magneuc 
moments of the electron and positron does not exceed 1 2 × 10- 7 with 95% confidence level, in agreement with the CPT-theorem 
and the pnnc~ple of relauv~stlc mvanance. 

At present the anomalous magnetic momentum 
(AMM) of the electron and positron is measured to 
a high precision, ~ 5× 10 -s,  in magnetic traps [ 1 ], 
wherein single particles were captured with energies 
in the meV range. A significant feature of our exper- 
iment is the measuring in the electron-positron stor- 
age ring VEPP-2M at a particle energy of E = 6 5 0  
MeV simultaneously for electrons and positrons kept 
in identical conditions, thereby optimally matching 
the task to compare their AMM. The first results of 
these measurements were presented earlier [2 ]. Let 
us shortly remind the scheme of the experiment which 
remains without change. 

The spin precession frequency for an ultra-relati- 
vistic particle in a storage ring with transverse mag- 
netic field Hz can be written in the form [ 3 ] 

12=COs + 2#  ( H z )  =cos(1 +y#/lao),  

where/~' is the AMM, lto=e/2m, cos is the revolution 
frequency, set by the accelerating RF generator. 

The electron and positron precession frequencies 
12- and 12+ are measured by means of the technique 
of resonant depolarization of the polarized beams 
[ 4 ]. An RF device called the depolarizer generates a 
longitudinal magnetic f ield/4 over a segment of  the 
orbit of  the beam, the field oscillation frequency fd lS 

slowly varied to cross the resonance fd=(1/2rt)  
× (~2-k¢o~ (k integer). 

The field amplitude H and the scanning ratefd are 
selected using a calculated model of  polarization 
degree reduction due to crossing the resonance 
accounting for spin frequency spread and diffusion. 
The spin frequency spread in the conditions of  the 
present experiment is determined by the chromatic- 
ity of the storage ring and gives 812=0.8× 10-60)s 
[ 5 ]. Spin diffusion resulting from the quantum fluc- 
tuations in the synchrotron radiation of electrons 
(positrons) in the storage ring causes beam depolar- 
ization whose rate is maximum near the resonance. 

Fig. 1 shows the calculated behaviour of the degree 
of polarization while crossing the resonance with dif- 
ferent RF field amplitudes, related to the resonant 
harmonic values W= (I4)/(H~)o9~. Apparently 
there is an optimum value, Wopt, at a given rate fd 
which provides total depolarization and the accu- 
racy in determining the spin precession in its limit 
approaches the spin frequency spread 812 by an order 
of  magnitude, as shown with the dotted line. 

The difference between depolarization frequency 
thus measured and the true precession frequency is 
of  no importance regarding the aim of this experi- 
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Fig. 1. The calculated behaviour of  the polarization degree whde 
crossing the resonance, fa=l.00 Hz/s, Wl=l.00×10-Tcos, 
W2=0.35 × 10-7co,, W3=0.15 × 10-7c0,. 

ment  because the former  has the same value both for 
/2-  and f2 +. Therefore  the error  in the desired differ- 
ence measu remen t / I  = g2- - g 2  + will be substant ial ly  
less than the spread ~g2 de te rmined  by the polar i-  
meter  accuracy in reality. 

The degree o f  beam polar iza t ion  is de te rmined  
from the analysis o f  the elastic in t ra-beam scattering 
o f  the part icles [6] .  The system of  scint i l lat ion 
counters (fig. 2) detects the part icles lost due to this 
process with the count ing rate o f  ~r, 

rid= 1 0 ( 1 - 0 . 1 2 s 2 ) I  2 , 

where I is the beam current  in mA. The m a x i m u m  
contr ibut ion  o f  the polar iza t ion  s reaches 12%. The 
phase-lock to the accelerat ing voltage enables the 
detect ion o f  both  electrons and  counter-rota t ing pos- 
i trons in the same system of  counters  concurrently.  

The exper iment  was per formed  with the electron 
and posi t ron s tored currents  I + ~ I -  = 10 m A  at an 
energy E = 6 5 0  MeV, where the radia t ive  polariza-  
t ion t ime was zp=  1 h. After  a t ime t=2Zp,  when the 

Fig. 2. The lay-out of the intra-beam scattered part,tie counters. 
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Fig. 3. The counting rates for a typical run. 

degree o f  polar izat ion s a t ta ined  80%, the depolar-  
izer was turned  on in a scanning mode  with a narrow 
band  width.  The total  scanning t ime was l imi ted  by 
the l ifet ime o f  the beam and lasted up to ca. 1 h. The 
in t ra-beam elastic scattering count-rate  normal ized  
by the square o f  the beam current  is shown in fig. 3 
for a typical  exper imenta l  run :~. The t ime to collect 
statist ics at each poin t  was A t =  30 s resulting in an 
accuracy of  about  10% in the degree o f  polar izat ion 
measured.  The depolar iza t ion  t ime Za usually satis- 
fied the condi t ion  zd < At which was achieved by set- 
ting the op t imum depolar izer  field ampl i tude  ( two 
t imes as high as the value corresponding to one-hal f  
o f  the depolar iza t ion  exper imenta l ly  observed) .  

At  Za<At  depolar iza t ion  may  be regarded as 
ins tantaneous  thus s implifying enough the process- 
ing o f  the exper imenta l  data, but  still not  in t roducing 
any systematic  errors dis t inct  from our  statist ical  
accuracy. 

The processing o f  da ta  ob ta ined  in several meas- 
urement  runs indic ted  a certain frequency difference 

in rout ine opera t ion  cycles o f  the storage ring. Spe- 

Dunng the run the grade field stabfl~zat,on system based on 
NMR (with the characteristic time ~~ 1 s) and the npple 
suppression system (~~ 10 -3 s) provided a noise level of 
A/-/zHz ~ 10 -6. In addition, the stability of the average energy 
of the particle was mmntamed within an accuracy of _+ 1 × 10 -s 
by a special slow feedback system (~ ~ 10 ram), which cor- 
rected the grade field level m accordance w,th the period,c 
mechamcal measurements of the d]splacements of the d,poles 
and quadrupoles m the storage nng [7]. 
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Fig. 4. The spin frequency difference as a funcuon of the electro- 
static separation. 

supplies o f  the distr ibuted magneto-discharge pumps.  
U n d e r  these condi t ions  several measurement  runs 
were taken at the scanning rate fd = 0.5 Hz/s. Process- 
ing o f  the total  da ta  set by means  o f  the m a x i m u m  
l ikel ihood technique shows that  the difference 
between the precession frequencies of  the electron 
and posi t ron does not  exceed 2rt × 3 Hz, correspond- 
ing to A/t ' //t '  < 1.2 × 10 - 7  with 95% confidence level. 

The result o f  the compar ison  of  the electron and 
posi t ron obtained,  while being inferior  in accuracy, 
conf i rms the da ta  publ ished in ref  [ 1 ], in spite o f  the 
complete ly  different  exper imental  condit ions.  A 
combined  considera t ion o f  both  results gives the best  
up to date  verif icat ion of  the CPT-theorem and the 
pr inciple  o f  relat ivist ic  invariance.  

cial measurement  runs were carr ied out  with a con- 
stant radial  electric field ~r appl ied  on a segment o f  
the orbit  o f  the beam which should give rise to a fre- 
quency separat ion of  /t = 4#'  c ( e2 ) = 
2c((~2)/(H~))tos. The results o f  the difference 
measurements  o f  the precession frequency as a func- 
t ion o f  the separat ion are presented in fig. 4 giving 
the average value of  d = g 2 - - f 2 + = 2 n  ( 4 5 + 5 )  Hz 
with the imposed separat ion ~r = 0. 

The search for the possible origins o f  the like elec- 
trostatic separations resulted in turning of f the  power 
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